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Composition for pH Dependent Controlled Release of Active 
Ingredients and Methods for Producing It 

The Technical Field of the Invention 

The present invention is related to compositions for pH depen- 
dent controlled release of active ingredients, especially 
pharmaceutical compositions. The composition is a compact 
consisting essentially of an active ingredient and a starch 

acetate dicarboxylats pu-ch as. suncioBt^, Methods for prepa- 
ring the composition are also disclosed. 

The Background of the Invention 

Active compounds such as pharmaceuticals , natural health pro- 
ducts, fertilizers, herbicides, insecticides, diagnostic rea- 
gents are usually not distributed as such, but in the form of 
more convenient compositions which make the distribution more 
feasible and allows the preparation of convenient dosage forms 
for different environmental conditions. Among these environ- 
mental conditions the acidity of the environment is an impor- 
tant factor. Pharmaceutical preparations are perhaps the most * 
thoroughly studied compositions . Thus, • the background xcr.^fr 
designing the present pH dependent controlled release composi- ^ 
tions is discussed in more detail fundamentally based on the 
knowledge accumulated in studies with pharmaceutical prepara- 
tions. 

Pharmaceutical preparations typically comprise one or several 
excipients in addition to the active drug substance or sub- 
stances. Excipients make the manufacturing of the pharmaceu- 
tical dosage forms more feasible and give them suitable physi- 
cochemical, biological and biopharmaceutical properties. 



The administration of drugs to the human or animal body by way 
of controlled, sustained or delayed release from a dosage form 
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located in gastrointestinal tract has long been an objective 
of the' pharmaceutical industry. The controlled release dosage 
forms are used to optimize drug therapy, decrease frequency of 
dosing, and minimize undesirable side effects. It is generally 
known that the residence time of a drug in the stomach is 
largely unpredictable and it depends on the physiology of the 
individual and the amount and type of food which is taken with 
a meal. Thus, variations between different patients are parti- 
cularly significant. On the other hand, the pH conditions in 
stomach and small intestine are markedly different. Numerous 
drugs ■■axmii<$h>&f' sJiubil ^fdfc* Vnk'ron&snt"'^ 
and they can be absorbed only when the surrounding pH is grea- 
ter than 5, as it is in small intestine. Sustained or delayed 
release properties in dosage forms are primarily intended to 
extend the release of drug over an prolonged period of time to 
maintain therapeutic effective blood levels or to decrease the 
risks of side-effects. In addition, they are used to control 
the release of a drug at a predetermined point or predeter- 
mined points in the gastrointestinal tract. One among these 
effects is the enteric effect. 

By definition, enteric dosage forms are those which remain 
practically intact in the stomach, but will disintegrate or 
dissolve and- release the rug contents once the prociuct ' res- • 
ches the small intestine. Their prime intention is to delay 
the release of drugs which are inactivated by the stomach 
contents, or may cause nausea or bleeding by irritation of the 
gastric mucosa, or are more preferentially absorbed into blood 
circulation from small intestine, or have local therapeutic 
effect in small intestine. 

The most widely used technology for obtaining enteric effect 
is the coating of a compressed tablet by a polymeric film with 
enteric properties. The powder mixture consisting of drug 
substance (s) and several excipients is, firstly, mixed, most 
often also granulated and then compressed into tablets. These 
tablets are then coated in film coating processes. The prepa- 
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ration of coated products is a multistage process, including 
several separate mixing, granulation, tabletting and coating 
phases with numerous and complicated process variables. 

Systems based on pH-sensitive polymers tend to be more reli- 
able than those which are dependent of slow dissolution and 
erosion of the polymer. The most extensively used enteric 
polymer is cellulose acetate phthalate. Cellulose acetate 
phthalate films have good enteric properties, but they dis- 
solve only over pH 6 and may thus delay drug release longer 
than desired. Said .cellulose scstats QhthalaA^, vvilias are-. /alsc- 
susceptible to hydrolytic breakdown on storage. Other enteric 
polymers include e. g. polyvinylacetate phthalate, hydroxy- 
propylmethylcellulose phthalate, methacrylic acid-methacrylic 
acid ester copolymer, starch and amylose acetate phthalate, 
styrene maleic acid copolymer, and cellulose acetate succi- 
nate. 

The enteric coatings are typically prepared by using either 
fludized bed or pan coating techniques. The application of 
enteric polymers is often accomplished by spraying organic 
solvent based solutions containing from 5 to 30 % polymer. 
Although, water is the solvent of choice in pharmaceutical 
processes, eyen nowadays organic solvents ar^- tr-ost often usedtt- 
in enteric coating processes. The evaporation of solvents and*; 
their possible harmful effects on tablet structure may, how- 
ever, restrict the usability of the coating technique. Often 
plasticizers or some other components are mixed into the coa- 
ting solution to improve film quality. Typical problems of 
enteric coating include tackiness, too porous structure or 
cracking of the films. Naturally, also all the other problems 
occasionally occurring in conventional film coating processes 
may exist in enteric coatings. The controlling and repeata- 
bility of the whole manufacturing chain is especially compli- 
cated. Often difficulties may arise due to breaking or inho- 
mogeneity of a thin enteric coating film. As a consequence, 
the drug content can be released earlier than desired. . 
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It is also known to prepare controller? 

* P controlled release preparations by 

it:::: £l £o ™ ia "- £0£micg ej!0ipients y 

Due to poor flowing, stickiness and smeary properties of en- 
teric coating polymers, this method is very seldom used for 
preparation of enteric formulations. Direct c »™ • I 
these substances without granulation in .J^^^ ° 
hardly possible. 

, m ," riX f0rMrS " ith «*~° Properties, which can be 

*«*«V>*<*\ vhtSia ■ be important 'in' Wr,,.- ~. , 
time ana energy saving a, wen as to better controlling" of the" 
who e Manufacturing chain. The Manufacture of enteric forl 

Process without granulation as ^Process 

rou : to aesi9n even "° re si » piifi ^ ^ " »- 

pr ss acZ PrOCeSSeS ' Se " eral ^-ovantageous 

process factors, e.g. granulation, drying of granules , us 

of organic solvents, can then be avoided. 9 
Pa n tent t r t ,. aPPllCati0n ^ 95/ °° 33 ' —ponding 

. n r ciL tion seriai Ma o8/374 - 43 ° fiiea j ™ ». 

- A»y5>..-claimrngf -priority f-r.- -n ■ . •* 

^ h-AUAx.y x.„uiu • Liie- Finnish p^tont- "anrii • ■ 

No 94?fiPA - x 3 nt ■■ A PPl J- cation 

u ' y4 ^oB6 filed on June 7 iqq/ * 

:r;r h : - ^^^rs.-! 

Iperties T^T " *> «■ Modifiable 

P operties. m said patent application PCT/FI95/00331 it is 
also disclosed how to »a)ce different kinds J 
are best su-it.* . ™ fclnds of compacts, which 

sustalLV T ' ° ertain PUrPMe ' «•»- controlled or 

ustamed release. The release of the active ingredient from 
sard composition is however not pH dependent. 

tio.T:„ ri L e neT v : there is espaciaiiy 

^ P» ^pendent controlled release compositions or entero- 

122 7 -T as compacts ' ••«• table "- 

pellets. Even if the need for such a composition is espe- 
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cially prominent for pharmaceutical applications, such as 
drugs and natural health products, pH dependent controlled 
release compositions can be applied for designing compositions 
to be used as fertilizers, herbicides, diagnostic reagents, 
etc. , as well. 

It has now been found that by compensating part of the acetate 
residues in the starch acetate of the composition described in 
patent application PCT/FI 95/00331 by dicarboxylate acid resi- 
dues a new kind of pH dependent controlled release composition 
^o^tain-d, *$m& &^fi"iWi table " ^or >qs**z&.c ' 

Accordingly, the composition of the present invention provides 
a compact for enteric use, which is far easier and more cost- 
effective to prepare than conventional pharmaceutical entero- 
compositions. 

The composition is a compact consisting essentially of an 
active ingredient or active ingredients and starch acetate 
dicarboxylates as the main functional components. 

The Summary of the Invention 

The present invention is related to a composition for pH depen- 
. f S?^^?. nt ?£^rt4; c s :?>* .spfrLjve y tJ & ngre^ients, . especially 

drugs and natural health products,- but also fertilizers, her- 
bicides, insecticides and diagnostic reagents. The composition 
is a compactible mixture of the active ingredient and starch 
molecules substituted with acetate and dicarboxylate residues. 
Succinate is the most preferred example of such dicarboxylate 
residues. 

The starch molecules can have the acetate and dicarboxylate 
residues attached to the same starch molecule backbone or on 
separate starch molecule backbones. 

Methods for preparing said starch acetate dicarboxylates by 
transesterification or mixing of starch acetates and starch 
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dicarboxylates respectively are described in the present in- 
vention. 

The present invention provides a compact for pH dependent 
controlled release or enteric use which is easy and cheap to 
prepare. By preparing compositions according to the present 
invention environmental pollution is diminished because the 
use of diluents detrimental to environment needed in the pre- 
paration of films surrounding conventional enteric composi- 
tions can be avoided. 
• : ." •«..*{.•.* • .-. ' .. • . , . 

The Brief Description of the Drawings '' 

Fig. 1 depicts drug (anhydrous theophylline) release (%) as a 
function of time for tablets of starch acetate succinate. The 
pH of dissolution medium was 1, 2, 4, 6, 7 or 8. 

Fig. 2 depicts drug (anhydrous theophylline) release (%) as a 
function of time for tablets of starch acetate succinate with 
Afferent degrees of substitution. The pH dissolution medium 
was 1 or 8. 

Fig. 3 depicts drug (anhydrous theophylline) release (%) as a 
reaction of time fro* cablets --of starch 'acetate Succinate < 
Tablets were prepared using three different compression for- 
ces. The pH of dissolution medium was 1 or 8. 



as a 



Fig. 4 depicts drug (anhydrous theophylline) release (%) 
function of time from starch acetate succinate tablets con- 
taming either 5 or 25 % (w/w) of anhydrous theophylline. The 
pH of dissolution medium' was 1 or 8. 

Fig. 5 depicts drug (anhydrous theophylline) release (%) as a 
function of time from starch acetate succinate tablets. Tab- 
lets contained starch acetate succinate either in the form of 
chemical compound of physical mixture. The pH of dissolution 
medium was 1 or 8. 
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Fig. 6 depicts the mechanical strength measured as breaking 
strength values of tablets prepared of starch acetate succi- 
nate with different degrees of substitution. 

Fig. 7 depicts disintegration time in phosphate buffer (pH 
6.8) and breaking strength of tablets of starch acetate succi- 
nate prepared using three different compression forces. Tab- 
lets, prepared using approximately 5 kN compression force, dis- 
integrated already in 0. 1 N hydrochlorid acid, which was used 
..as a . ;d;. ^integration .. medium during ,;th« first; t^o hru-rt* : "o£ ■ 
disintegration test. 

Fig. 8a depicts the surface of tablet of starch acetate succi- 
nate. The substitution degrees are 2. 38 and 0. 03 for acetyl 
and succinyl groups, respectively. The bar is 100 urn. 

Fig. 8b depicts the surface of tablet of starch acetate succi- 
nate. The substitution degrees are 2. 2 9 and 0. 37 for acetyl 
and succinyl groups, respectively. The bar is 100 urn. 

Fig. 8c depicts the surface of tablet of starch acetate succi- 
nate. The substitution degrees are 1. 34 and 0. 25 for acetyl 

anc* succinvl groups., respectively. The bar is. 100 urn; . . .< 

Fig. 8d depicts the surface of tablet of starch acetate succi- 
nate. The substitution degrees are 0. 39 and 1. 12 for acetyl 
and succinyl groups, respectively. The bar is 100 urn. 

Fig. 9a depicts the surface of starch acetate succinate tablet 
compressed using approximately 5. 7 kN force. The bar is 
100 jim. 

Fig. 9b depicts the surface of starch acetate succinate tablet 
compressed using approximately 15. 3 kN force. The bar is 
100 M-m. 

Fig. 9c depicts the surface of starch acetate succinate tablet 
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• compressed using approximately 25. 2 kN force. The bar is 
100 Jim. 15 



The Detailed Description of the Invention 

In 'the following description, reference will be made tQ ya _ 
rious methodologies known to those who are skilled in the art 
of starch chemistry and pharmaceutical technology. Puhlica 

riertitT^ naterialS d6SCribin9 *»™ -thodol es 

are herewith incorporated in full. 



PI Tn mL ^ f ° StarCh Ch6miStry ^ d "«"~ exam- 

0 B or PrOP6rtieS °-s, Ed . Wursburg, 
O.B crc Press Inc. , Boca Raton, Florida, 1986 and starch 
Chemistry and Technology, E ds. Whistler. R. c. , BeMill er J n' 
and Paschall, E.P., Academic Press , Inc . , ^ 

d G e e s n c e :rLdT ClPleS ^ Ph ™tical technoiogy are 

(ED.) T T ' L " Lieb6rman ' H.A: & Kanig; J. L 

( EDs Lea & rehiger, Philadelphia, 19 86; and Pharmaceutical 
Dosage Porms: Tablets volume 1, 2, 3, Lieberman, „. h 
m an, L. ^Ds), Marcel Dekker Inc., New York, 1980. ' 

LTe r x a Lr inCiPleS Pha ~ ti - i excZienr'a^tscribed 
for example in Martindale, The Extra Pharmacopeia, 30th Edi 
txon, The Pharmaceutical Press, London 1993 and Handbook of 

1 "I! EXCiPlentS ' " 94 ' AmerlCan 
nation, The Pharmaceutical Society of Great Britain. 

Definitions 

Unless defined otherwise »n + u • 

eiWise ' a H technical and seienHf,^ 4- 

one s ^ llea ln the art to ^.^ f J 

used, m 0Jrder t0 proviae a cUar Ma ^^^^^ J 
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of the specification and claims, including the scope to be 
given such terms, the following definitions are provided.. 

The term "composition" is intended to mean a compactible mix- 
ture, which comprises two groups of compounds i. e. at least 
one active ingredient and the starch derivative according to 
the present invention. They are principally developed for oral 
use for humans , including pharmaceutical enterotablets, com- 
pactible enterogranules or enteropellets. Also natural health 
products can be used as the active ingredient. The composi- 
tions can also- -*be .used irv y e.t «ri Tin ry :>ti%S.\ cl •*« cvr.. ^they. oa»B .be- 
used to carry herbicides, insecticides/ fertilizers/ diagnos- 
tic reagents, etc. 

The term "active ingredient" is intended to mean drugs, medi- 
cines, vitamins, minerals, trace minerals, fibers, including 
glucan fibers, diagnostic reagents, herbicides, fertilizers, 
insecticides. 

The term "natural health product" is used synonymously with 
the terms "natural health food products", "health food pro- 
ducts" and "natural products" and is intended to mean products 
obtained from nature which are used in a medicine-like manner 
as health- promoting, disease preventing products end'/cr ^ .c-ther- \> » ^ ^ s 
wise beneficial food products, which do not necessarily have 
the authorization (approval) which is required for registered 
drugs. These substances include vitamins, minerals, trace 
minerals, antioxidants, fibers, etc. 

The term "compactible" is intended to mean a mixture of the 
active ingredient and the starch derivative according to the 
present invention which under the impact of compressing for- 
ces forms compacts, such as tablets or other easily adminis- 
trate dosage forms with sufficient breaking strength. 

The term "compact" is intended to mean compressed tablets, 
compacted granules or pellets or other easily adminis trable 
dosage forms. 
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The ters, -starch- is intended to »ean any for* of staroh 
native or cheaically. or ensy-aticaUy hydrolyced starch. si 

pot l " ° btainable barley ' Whe "' ^ ««, 

star!!' . " 9 °- riCS *"* 

starch products, with an anylose content of 0-J00 % ,„/„, an d 

are starch T"* ^ I0 °"° % ^ '""^ 

are starch products fro bariey and oats, which have an as,y- 

we ira" d" °f 20 "" % ^ In *». »oiecu:ir 

la tor ft I COB " nt ° f ""^ iS n « * -"icting 
factor, for the .^.starti^^teHa^in-tW „„J 

invention. * ~ 

te„ e deTr " S " rCh TOleCUleS SUb ""«°* acetate- is in- 

1th ace°tr T ^ Star0h TOleCUleS ^ 

contain ♦ ? ~ ««Tl chioride and 

contarn acetyl residues <synony„ously used for groups or 

:::::r::;ei:r y — * — - - 

The tern, -starch molecules substituted with dicarboxylate" is 

litttVrrr the staroh -^—^^ 

^ed «th preferably straight or branched chain dicarboxylic 
"'str i S g h ; etrai r ■ " ■ *>— «i..*»,»o ^d:^ 

lies T Ched CKain chloride or hydroxy 

ith different cha ln lengths such including oxalate, „alo- 
n t , uc te , glutarate _ aaipate< ^ o_ 

late sebacate. aeleate, furcate, relate, tartrate, strata 
or natures of these dicarboxylates. The »ost preferred"! 

^yU " ia lnC ° rPOrated ta the ae£ ^"on of the dicar- 
acids " a " eXamPle ° f 

holll" " Sta I Ch " 0laCUieS *« acetate and dicar- 

hoxylate rescues- are intended to „ean that they are starch 
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molecules which are substituted by the residues defined above 
either on the same starch molecule backbone obtainable by e. g. 
trans esterifi cation methods or esterif ication with mixtures of 
reactive acetate or dicarboxylate groups. The term is also 
intended to mean that said substituents are present on diffe- 
rent starch molecules which can be mixed in certain propor- 
tions in order to obtain the desired average substitution 
degrees. 

The term "starch acetate succinate" is intended to mean that 

rr»#$^£%i^&^^ • molecule/' 

backbone. 

The term "starch molecules substituted with acetate and succi- 
nate", is intended to include both the starch acetate succinate 
and the starch molecule mixture which carries the acetyl and 
succinyl residues on separate starch molecule backbones. 

An "average substitution degree (DS)" is intended to mean the 
actual substitution degree of the respective residues which 
are randomly distributed on starch molecules, which are substi- 
tuted randomly by both residues or the average DS which can be 
calculated from the overall mixture which is obtainable when 
, sjta.rch. .aqetate with a certain DS is mixod vrith starch di car.- 
boxylate -with a certain DS in a certain ratio. 

The term "controlled release" is intended to mean that the 
release of an active ingredient from a composition can be 
modified in a desired way. 

The term "pH dependent controlled release of the. active ingre- 
dient 1 ' is intended to mean that the rate of release is depen- 
dent of or regulated by the pH of the surrounding media or 
environment. 

The term "retarded release" is intended to mean that: the re- 
lease is slower but not totally absent in acidic pH. 
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The term "enhanced release" is intended to mean that the re- 
lease is more rapid in an essentially neutral or basic pH. 

The term "essentially neutral pH» is intended to mean a pH 7 
of about pH 5 up to pH 8. pH 8 is already defined as a basic 
solution. 

The term •• enterocomposition" is intended to mean that the cont- 
rolled release of the active ingredient is pH dependent or pH 

-reau^ctedv- We r«l« a m»; 6t tto/utt^Kxg^mWrrtt&i&ri in 
an acidic solution and enhanced in an essentially neutral pH 
or basic pH. 

The invention relates to a composition having properties espe- 
cially useful for enteric use. The main characteristic of the 
invention is that using starch acetate dicarboxylate, as an 
essential excipient in compacts, P H dependent active ingre- 
dient release from the compositions or dosage forms can be 
achieved. 

The composition for pH dependent controlled release of an 
active ingredient is essentially consisting of a compactible 
-mixture v of : -; an; Active •i^redie^and- starch' molecules-substi- 
tuted with acetate and dicarboxylate residues. The dicarboxy- 
late residues are selected from a group consisting of oxalate, 
malonate, succinate, glutarate, adipate, pimelate, suberate,' 
azealate, sebacate, maleate, malate, fumarate, tartrate, cit- 
rate or mixtures of these dicarboxylates. The most preferred 
dicarboxylate acid is succinate. The same effect can be ob- 
tained also' using a physical mixture of starch acetate and 
starch dicarboxylate instead of starch acetate dicarboxylate. 

The starch molecules used in the composition have an average 
substitution degree of at least 1 for the acetate residue, but 
the higher the substitution degree is, the stronger tablets 
are obtained. Sufficiently strong tablets can be obtained with 
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starch molecules could have an average substitution degree of 
at least 1. 5 for the acetate residue. However, even stronger 
tablets are obtained, if the substitution degree of at least 2 
is used for the acetate residue. Consequently, the starch 
molecules used in the composition advantageously have an ave- 
rage substitution degree between about 1.00 - 2.95 for the 
acetate residue. 

The starch molecules used in the composition have an average 
substitution degree in the approximate range 0.05 - 1. 5 for 
^feSi'r^i c WboyyJi4^^B|:S k&^4tt£Qm; 02 /dependent 7 "Sreifea&ef -s : ht '[ 
detected with as small dicarboxylate substitution degrees as 
less than 0. 05 but better results are achieved when an average 
substitution degree of 0. 2-1. 2 for the dicarboxylate residue 
is used. If the mechanical strength of the tablet is not a 
prerequisite property, the DS for acetate can be less than 1. 
By changing the DS of the acetate and dicarboxylate residues 
the functional properties of the tablet can be modified in 
desired ways. 

The composition of the present invention is typically a com- 
pact, more specifically for pharmaceutical application it is 
either a tablet, granule or pellet. The composition can be 
^. djBsi^jied .i*a.s y - c a ^ ^ ij&i e^rf^4^\ r ^^'^ , J* multiple urdt r dos;age 
form, e. g. a gelatin capsule filled with numerous enterogra- 
nules or enteropellets. The composition can be modified to be 
suitable for different uses by changing the substitution de- 
grees, molar mass of the starch acetate succinate polymer, by 
changing the shares of physical mixture of starch acetate and 
succinate, by changing the drug amount and amount of other 
excipients in the formulation. It is also possible to modify 
the pH-dependent controlled release effect or entero-ef f ect by 
using at least two different types of starch acetate dicar- 
boxylate and by using different substitution degrees in these 
dicarboxylates. It is also possible to modify the entero- 
ef feet by using at least two different types of starch acetate 
succinates with different substitution degrees. 
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Essentially two types of starch can be used in the composi- 
tion. The starch molecules can have the acetate and dicarboxy- 
late residues attached to the same starch molecule backbone or 
the acetate and dicarboxylate residues can be on separate 
starch molecule backbones and combined as a physical mixture 
before compacting. 

It is however possible to replace part of the starch molecules 

substituted with dicarboxylate and succinate residues, pre- 
ferably" ^but^onsrr-vs.; .^ st ■ pr ^ r& - £l - t £bbut ^ ^ %] 

native starch or modified starch. It is however essential that 
the composition still contains such an amount of dicarboxylate 
residues that it fulfills the DS criteria according to the 
present invention. In the composition in which the acetate 
and dicarboxylate residues are on separate starch molecules 
part or almost all, preferably 10-99 %, most preferably 20-80 
% of the starch acetate can be replaced by native starch or 
more preferably modified starch. The replacing modified starch 
can for example be gelatinized or cross-linked starches as de- 
scribed in Predeepkumar, P. et al. , Pharmaceutical Research 
Vol. 10. (11), 1993. 

The .^harmsc^utfcal ' ; nature! " health product- and iiagrost^ 
reagent compositions of the present invention is "intended to 
be administered orally, but it is in no way excluded to use 
the invention to prepare compositions for other applications, 
including e. g. rectal compositions. The active ingredient in 
the formulation is not released in any essential degree from 
the composition in the acid environment of stomach, but fast 
release is achieved as soon as the composition reaches the neu- 
tral environment in small intestine. The entero-ef f ect is due 
to the fast disintegration of the compact and possible also to 
partial dissolution of starch acetate dicarboxylate in neutral 
environment. 

Because the composition is a compact, some minor release of 
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the active ingredient can occur already in stomach. This is 
due to the release of the active ingredient from the outer 
surface of the compact. The amount of active ingredient re- 
leased in this phase depends on the active ingredient concen- 
tration in formulation as well as the compression force used. 
The amount is typically clearly less than 30 %. The rest of 
the active ingredients is released rapidly in small intes- 
tine. The biphasic release profile, consisting of a loading 
dose released in stomach and a maintaining dose released 
in small intestine, is beneficial especially in long lasting 
drug tiieratsv. for reaching the &elat4%r*ly st^dyv rjrv.?? ^'oon- . 
centrations in blood. 

The composition can be prepared as essentially by four methods 
described below. These methods can be modified in several ways 
and there are several alternative methods which can be used in 
each step. 

Alternative 1. 

Starch acetate molecules are prepared by conventional methods. 
Part of the acetate residues in the starch acetate molecules 
are substituted with dicarboxylate residues using transesteri- 
fication methods to obtain starch acetate dicarboxylate mole- 
cules i,n vhich the d.icarboxylate residues cai* be any of those ( 
mentioned above. The most preferred being succinate residues. 

Alternative 2. 

Starch dicarboxylate molecules are prepared by conventional 
methods. Part of the dicarboxylate residues of the starch 
dicarboxylate mQlecules are substituted with acetate residues 
using transesterif ication methods to obtain starch acetate 
dicarboxylate molecules; 

Alternative 3. 

Starch acetate dicarboxylate molecules can be prepared by 
allowing a mixture of reactive acetyl and dicarboxyl groups to 
react with starch. These mixtures can include a mixture of 
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an- 



acetic acid and dicarboxylic acid, acetyl and dicarboxyl 
hydride, acetyl and dicarboxyl chloride, respectively. Com- 
patible combinations of these mixtures and methods can also be 
used. 

Alternative 4. 

Starch acetate and starch dicarboxylate molecules are prepared 
separately by conventional methods. These two types of mo- 
lecules are mixed together in desired ratios so that starch 
mixtures which have the desired properties - compatibility 
■a»fi' PK indent controlled r^easa- -> obtained. -If i= also 
possible to use instead of a single dicarboxylate starch, 
mixtures of different starch dicarboxyl at es. 

Finally the starch acetate dicarboxyl at es obtained are mixed 
with one or more active ingredient (sj and the mixture is com- 
pressed essentially as described in the International patent 
application PCT/PI 95/00331 which is hereby fully incorporated 
by reference, to obtain the compacts for pH dependent control- 
led release of the active ingredient. 

Methods of preparing the starch acetate dicarboxylate mole- 
cules used in the present invention are described in more 
-Uet-vxr 'in the. following ixattpIisT SM^fc5fttt^Vitfa : as " - 
describing the invention and not limiting the same. The pre- 
paration of the compacted compositions and their properties as 
well as test methods used are described in more detail in the 
experiments. The experiments should not be read to limit the 
scope of the present invention but to clarify the applicability 
of the invention. 

Example 1. - 

The preparation- of starch acetate succinate by trans esterifi- 
cation 

Starch acetate succinates were prepared by transesterif ication 
of starch acetate. The quantities of reagents and reaction 
conditions are shown in Table 1. 
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Table 1. 

The preparation of starch acetate succinates by transesteri- 
fication and reaction conditions 



Batch 


Starch 


Pyridine 


Succinic 


Reaction 




acetate 




anhydri de 


conditions 




DS 1 


g 


g 


g 


*C h 








„. r , -1 •* r- 




* 


No. 1 


2. 84 


70 


250 


45 


85-90 6 


No. 2 


2. 84 


70 


150 


45 


85-90 16 


No. 3 


3. 0 


13, 9 


50 


8,8 


85-90 16 


No. 4 


1. 7 


70 


500 


175 


85-90 12 



1. Analysis method of the degree of substitution: Wurzburg. 
O. B. , Acetyl ati on, In Methods in Carbohydrate Chemistry / Vol. 
IV, ed. R. L. Whistler, Academic Press, New York and London, 
1964, p. 288. 

. ■St.p.rc.h. acetate-.., succinates ..were .prepared in;/.fi£t;V£l ahg"tft»^ea"6t=b?: 
vessels made of glass with coil condenser, mechanical stirrer, 
thermometer and oil bath. 

Starch acetate and pyridine were mixed for 30 minutes in 90 
" C. After mixing succinic anhydride was added to the reaction 
mixture for an hour. The reaction conditions used are illu- 
strated in Table 1. After the reaction was completed, the 
mixture was cooled and precipitated from acidic solution with 
mechanical rapid stirring. After . precipitation the pH value of 
the solution was 2-4. The precipitate was filtered and washed 
with water until pH value was over 5. In the end of the pro- 
cess the product was airdried. The results of the analyses of 
starch acetate succinates are illustrated in Table 2. 
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Table 2. 

Analyses of starch acetate succinates 



Batch 


Degree of 


Dry 


Ash 






substitution DS 1 


content 




weight 




acetate 


succinate 


% 


% 


y/Ino± , ^ 


No. 1 


2. 75 


0.03 


98. 1 


0. 04 


Mw=l 17300 












* 3217G 


No. 2 


2.38 


0. 03 


95. 4 


0. 27 


Mw=117300 












Mn= 32170 


No. 3 


2. 29 


0. 13 


97. 6 


0. 13 


Mw=117300 












Mn= 32170 


No. 4 


1. 09 


0. 57 


98. 4 


0. 06 


Not measurable 



1. Analysis method of the degree of substitution: Wurzburg. 
O.B. , Acetylation, In Methods in Carbohydrate Chemistry . Vol. 
IV, ed. R.L. Whistler, Academic Press, New York and London, 
1964, p. 288. 

' 2 : Gpc- analyses were made by Alko Group Ltd. 'Alcohol - Control 
Laboratory (ACL) Equipment: HP-1090, two column in series 
(Waters, Ultra Hydrogel 2000), solvent 50 nM NaOH, temperature 
40 -C, dextran standards, RI- and viscosity-detectors. Only 
molecular weights of starting materials of starch acetate are 
measured. 

Example 2. 

The preparation of starch acetate succinate in organic solvent 
without transesterification 

The preparation of starch acetate succinate was also done 
without transesterification. The preparation was performed 
using both acetic anhydride and succinic anhydride in organic 
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solvent. The quantities of reagents are illustrated in Table 
3. 

Table 3. 

The preparation of starch acetate succinates and reaction 
conditions 



Batch Starch 0 Pyri- Acetic Succinic Reaction 

dine anhydride anhydride condition 









g . . 


<•* 


rr 

J 


c 


h 


No. 


5 


70 


250 


112 


43. 2 


85-90 


3 V6 2 


No. 


6 


70 


150 


112 


43. 2 


105 


3V6 2 


No. 


7 


125 


250 


250 


125. 0 


85-90 


3V6 2 


No. 


8 


125 


250 


250 


125. 0 


85-90 


l 3 /4 2 



° Hydrolyzed barley starch 

x Reaction time for acetylation 

2 Reaction time for the whole reaction 

3 Reaction time for succinylation 

Starch acetate succinates were prepared with the reaction 
equipment described in- Example 1. 

Starch acetate and pyridine were mixed for 30 minutes in 90 
* C. In Batch No. 5, 6 and 7 acetic anhydride and in Batch No. 
8 succinic anhydride was added to the mixture and the reaction 
was performed using the reaction conditions illustrated in 
Table 3. In Batch No. 5, 6 and 7 succinic anhydride and in 
Batch No. 8 acetic anhydride was added and reaction was per- 
formed using the reaction conditions illustrated in Table 3. 
After the reaction was completed, the mixture was cooled and 
precipitated from acidic solution with mechanical, rapid stir- 
ring. After precipitation the pH value of the solution was 
2-4. The precipitate was filtered and washed with water until 
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the P H value was over 5. In the end of the process the product 
was airdried. The results of the analyses of starch acetate 
succinates are illustrated in Table 4. 



Table 4. 

Analyses of starch acetate succinates 



Batch 


Degree of 


Dry 


Ash 


Molecular 




substitution DS 1 


content 




wei ght 




acetate succinate 




-%...-„ 


~~.g/.mol* „. ... 


No. 5. 


1.51 0.15 


98. 1 


0. 29 


Mw=U7300 










Mn= 32170 


No. 6 


1. 34 0. 25 


98. 7 


0. 37 


Mw=117300 










Mn= 32170 


No. 7 


1. 83 0. 09 


98. 1 


0. 13 


Mw=117300 










Mn= 32170 


No. 8 


0. 39 1. 12 


95. 8 


0. 17 


Mw=117300 










Mn= 32170 



1. Analysis method of the degree of substitution: - Wursburc. 
O.B. , Acetylation, In Methods in Carbohydrate Chemistry . Vol. 
IV, ed. R. L . Whistler, Academic Press, New York and London 
1964, p. 288. 

2. GPC-analyses were made by Alko Group Ltd., Alcohol Control 
Laboratory (ACL), Equipment: HP-1090, two column in series 
(Waters, Ultra Hydrogel 2000), solvent 50 nM NaOH, temperature 
40- C, dext ran standards, RI- and viscosity-detectors. Molecu- 
lar weights of starch are only measured. 

Example 3. 

The preparation of starch acetate in acetic anhydride 

Starch acetate was prepared in acetic anhydride using sodium 



WO 97/02018 



21 



PCT/FI96/00233 



hydroxide as reaction catalyst. The quantities of reagents and 
reaction conditions are shown in Table 5. 

Table 5. 

The preparation of starch acetate and reaction conditions 



Batch Starch 1 Acetic Sodium Reaction 

anhydride hydroxide conditions 
kg kg kg ' C h 



No. 9 



37. 5 



150 



8. 25 



125 



*. Hydrolyzed barley starch 



Starch acetate was prepared in 300 dm 3 reactor with mechani- 
cal stirrer and oil heating. Starch and acetic anhydride were 
mixed in 45 r C. Sodium hydroxide was added to the reaction 
mixture for 10 minutes. Heating was increased and reaction 
was allowed to occur using the reaction conditions illustrated 
in Table 5. After the reaction was completed, the mixture was 
cooled, precipitated from water, washed and dried. The re- 

of the analysis of S'tarch acetate is illustrated in Table 6. 



.^.sults _ 



Table 6. Analysis of starch acetate 



Batch 



Degree of 

substitution 

DS 1 



Dry Ash 
content 

% % 



Molecular 

weight 

g/mol 2 



No. 9 



2. 76 



83. 4 



0. 11 



Mw=117300 
Mn= 32170 



x and 2 compare with Table 4 
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Example 4. ' 

The preparation of starch succinate in organic solvent 

Starch succinate was prepared in organic solvent with quanti 
ties of reagents and reaction conditions shown in Table 7. 



Table 7. 

The preparation of starch succinate and reaction conditi 



ons 



Batch 



Starch* Succinic Pyridine Dimethyl Reaction 

anhydride formamide conditions 

g 9 9 g *C h 



No. . 10 



150 



290 



180 



500 



80-85 



1 Hydrolyzed barley starch 



Starch succinate was prepared with the reaction equipment de- 
scribed in Example 1 as described below. The results are 

shown in' Trble * 8. ."*" '** "- ' ' l * * ■ * t % iJ ■ v^.. 

Table 8. -Analysis of starch succinate 



Batch 



Degree of 
substitution 



Dry 

content 



Ash 



Molecular 
wei ght 
g/mol 2 



No. • 10 



1. 7 



96. 2 



0. 14 



Mw=117300 
Mn= 32170 



x and 2 compare with Table 4. 
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Starch and pyridine were mixed and refluxed for 90 minutes in 
90 " C. Part of di methyl formamide was added to the reaction mix- 
ture and the rest of it was mixed with succinic anhydride and 
they were added together to the mixture. After reaction the 
mixture was dissolved to sodium bicarbonate solution and ultra- 
filtered. The results of the analysis of starch succinate is 
illustrated in Table 8. 

Example 5. 

. The 'physical mixture of starch acetate and starcfc sucai^atc-. . 

The physical mixture was made from starch acetate and starch 
succinate. The preparation of these starch acetate and suc- 
cinates are described in Batches 3 and 4, Batch No. 9 and 10. 
In the Table 9 the degrees of substitution of starch acetate 
and starch succinate and the average degrees of substitution 
of acetyl residues and succinyl residues in the physical mix- 
ture are shown. 

Table 9. 

The degrees of substitution of starch acetate and starch suc- 
cinate and the average degrees of substitution of acetyl resi- 
dua? and succinyl residues in the phvsical^ mixture, . *>% 



Starch Physical Acetate Succinate 
succinate mixture DS 1 DS 1 
DS w/w 



Batch Starch 
acetate 
DS 



No. 1 1 2. 76 1. 7 1: 1 1. 56 0. 76 



1 in mixture (average) 
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Example 6. 

The preparation of starch acetate succinate in glacial acetic 
acid 

The preparation of starch acetate succinate was also performed 
using glacial acetic acid as intermediate agent. The quanti- 
ties of reagents are illustrated in Table 10. 

Table 10. 

The preparation of starch acetate succinate and reaction con- 

wj. wX.WAAS? _ .... ^- t . 



Batch • Starch- Glacial Acetic Succinic NaOH Reaction 

acetic anhydride anhydride condition 
g acid g g g g *C h 



N °- 12 50 3 50 94.4 61.7 11 85-90 3 = 

110-115 33 

N °- 13 50 250 126 61.7 H 85-90 2 



•l-ydroiyjsed barley starch ' , > . 

Reaction conditions for succinylation 
Reaction conditions for the acetylation 

Starch acetate succinates were prepared with the reaction 
equipment described in Example 1. 

Starch and glacial acetic acid were mixed for 30 minutes in 
45-50 *c. In Batch No. 12 succinic anhydride and in Batch No. 
13 both succinic anhydride and acetic anhydride was added to 
mixture. After 15 minutes sodium hydroxide was added drop by 
drop and reaction was allowed to occur in the reaction con- 
ditions illustrated in Table 3. After the reaction had happe- 
ned in Batch No. 12 acetic anhydride was added and reaction 
was done with reaction conditions illustrated in Table 3. 
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After the reaction was completed the mixture was cooled and 
excess acetic acid was distilled in vacuum. After distillation 
the mixture was precipitated from water with mechanical rapid 
stirring, filtered, washed and dried. The results of the 
analyses of starch acetate succinates are illustrated in Table 
11. 

Tabl ell. 

Analyses of starch acetate succinates 



Batch Degree of Dry Ash Molecular 

substitution DS 1 content weight 
acetate succinate % % g/mol s 



0.18 1.36 95.6 0.06 Mw=117300 

Mn= 32170 

0.16 0.69 98.3 0.97 Mw=117300 

Mn= 32170 



a and 2 compare with Table 4.' 
Example 7. 

The preparation of starch acetate succinate in. glacial acetic 
acid by transesterifi cation 

The preparation of starch acetate succinate was also performed 
by transesterif ication of starch acetate using glacial acetic 
acid as inert agent. Sodium hydroxide and sodium acetate were 
used as transesterif ication catalysts. 

The quantities of reagents are illustrated in Table 12. 
Table 12. 

The preparation of starch acetate succinate and reaction 
conditions 



No. 12 
No. 6 
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Batch 



Starch Glacial Succinic Catalyst Reaction 
acetate acetic anhydride conditions 
DS g g g g - c , 



No. 
No. 



14 
15 



3. 0 
3. 0 



70 
50 



245 
400 



73 

92. 6 



19 l 
22 = 



85-90 
85-90 



6 
3 



Sodium hydroxide 
Sodium acetate 



Starch acetate succinates were prepared with the reaction 
equipment described in Example 1. 

Starch acetate and glacial acetic acid were mixed for 30 mi- 
nutes in 45-50 -C and succinic anhydride was added to the mix- 
ture. After 15 minutes the trans esterifi cation catalyst, in 
Batch No. 14 sodium hydroxide and in Batch No. 15 sodium ace- 
-tateyu-was- added drop "by. drop and th* reaction was" al*fcw*d ttf 
happen in the reaction conditions illustrated in Table 3. 
When the reaction was completed, the mixture was cooled and 
excess acetic acid was distilled in vacuum. After distillation 
the mixture was precipitated from water with mechanical, rapid 
stirring, filtered, washed and dried. The results of the 
analyses of starch acetate succinates are illustrated in Table 



Table 13. 



Analyses of starch acetate succinates 
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Batch Degree of substitution Dry Ash Molecular 

acetate succinate content weight 
DS 1 DS* % % g/mol 2 



No. 14 2.35 0.10 99.0 0,05 Mw=117300 

Mn= 32170 

No. 15 2.90 0.10 99.2 0.17 Mw=117300 

Sfci* 32170 



1 and 2 compare with Table 4. 
Example 8. 

The preparation of starch acetate succinate in acetic anhyd- 
ride 

The preparation of starch acetate succinate was also done by 
using acetic . anhydride both as reagent and intermediate agent 
for the reaction. Sodium hydroxide was used as reaction cata- 
lysts. The quantities of reagents are illustrated in Table 14. 

ac£tat£ succinates, . .wer.e pr3p.ar^3,,^ 
equipment described in Example 1. 



Starch and acetic anhydride were mixed for 30 minutes in 45-50 
*C and sodium hydroxide was added to the mixture drop by drop 
and the reaction was allowed to occur using the reaction condi- 
tions illustrated in Table 14. After. the acetylation reaction 
had occured the succinic anhydride was added to the mixture 
and the reaction was allowed to occur in the reaction condi- 
tions illustrated in Table 14. 

Table 14. 

The preparation of starch acetate succinates and reaction 
conditions 
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Batch 



Starch 1 Acetic Succinic NaOH Reaction 

anhydride anhydride conditions 
9 * 9 g *C h 



No. 16 
No. 17 



50 



50 



200 



200 



46. 3 



61. 7 



11 120-125 3* 

85-90 3 3 

11 120-125 2= 

•-.V"-.- . '85-90 4' 



1 ^ 

2 _ 
3 



Hydrolyzed barley starch 

Reaction conditions for acetylation 

Reaction conditions for succinylation 



Table 15. 

Analyses of starch acetate succinates 



Batch 



Degree of substitution Dry Ash Molecular 
acetate succinate content 

PS* % 



% ■ Q 

■ • - - — ^ 



weight 
/mol £ 



No. 16 2. 


30 


0. 


10 


98. 4 


0. 


11 


Mw= 117300 
















Mn= 32170 


No. 17 1. 


78 


0. 


10 


97. 7 


0. 


20 


Mw=l 17300 
















Mn= 32170 


1 and 2 compare 


with 


Table 


4. 











After the succinylation reaction the reaction mixture was 
cooled, precipitated from water with mechanical, rapid stir- 
ring, filtered, washed and dried. The results of the analyses 
of starch acetate succinates are illustrated in Table 15. 
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Example 9. 

The preparation of starch acetate dicarboxylates 

The preparation of starch acetate dicarboxylates starch ace- 
tate adipate and starch acetate sebacate were performed by 
using acetic anhydride both as reagent and intermediate agent 
for the reaction. Sodium hydroxide was used as reaction cata- 
lysts. The quantities of reagents are illustrated in Table 16. 

Table 16. 

The. preparation of ..starch -estate dicarboxylates re^n^icn 
conditions 



Batch Starch 1 Acetic Dicarbocylic NaOH Reaction 

anhydride acid condition 

g g g g *c ^ 



200 45. 1* 11 120-125 3 2 

130-135 2 3 

200 45. 7 5 11 120-125 2 2 

130-135 2 3 

** ■ : r " ' '. SL. ' ' ; ' ••' ' ■ " ' " ' ' ' 

* *'—"—' ' " 'A t 

Hydrolyzed barley starch 
Reaction conditions for acetylation 
Reaction conditions for dicarboxylation 
Adipic acid 
Sebacic acid 

Starch acetate dicarboxylates were prepared with the reaction 
equipment described in Example 1. 

Starch and acetic anhydride were mixed for 30 minutes in 45-50 
*C and sodium hydroxide was added to the mixture drop by drop 
and the reaction was allowed to occur using the reaction condi- 
tions illustrated in Table 16. After the acetylation reaction 
dicarboxylic acid was added to the mixture and the reaction 



No. 18 50 
No. 19 50 



i 

2 
3 
•4 
5 
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was performed using the reaction conditions illustrated in 
Table 16. After the dicarboxylation reaction the reaction 
mixture was cooled, precipitated from water with mechanical 
rapid stirring, filtered, washed and dried. The results of 
the analyses of starch acetate dicarboxylates are illustrated 
in Table 17. 

Table 17. 

Analyses of starch acetate dicarboxylates 



Batch 



Degree of substitution Dry Ash Molecular 

dicarboxyate content weight 

% g/mol 2 



acetate 



DS 1 



No. 18 



No. 1 9 



2. 0 



2. 7 



0. 1 



0. 1 



95. 8 



97. 4 



0. 14 Mw=117300 
Mn= 32170 

0. 81 Mw=117300 
Mn= 32170 



x and2 compare with Table 4 
Experiment 1 

The preparation of tablets 



Tablets, containing starch acetate succinate, anhydrous theo- 
phylline as an active substance and magnesium stearate as a 
lubricant, were compressed using an instrumented eccentric 
tablet press (Korsch, EK-0, Berlin, Germany) and flat-faced 
punches with a diameter of 1 cm. The rate of the tablet press 
was 30 rpm. Before compression all powders were stored at 33 % 
relative humidity and room temperature. Pre-weighed powder 
samples were poured manually into the die cavity and compres- 
sed to form tablets using compression force of 15 kN. In some 
experiments compression force was adjusted to 5 kN or 25 kN 
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Experiment 2 
Dissolution testing 

The release of active substance, ie. anhydrous theophylline/ 
from starch acetate succinate tablets was determined using 
the USP (XXIII) rotating basket method at the rotation speed 
of 100 rpm. The volume of 300 ml of phosphate buffer with 
different pH value was used as dissolution medium. The con- 
centration of phosphate buffer was 40 mM. Samples of 3 ml 
were withdrawn from the vessels at selected intervals, fil- 
tered .through 0. 2 am membrane filter?;;-, "suitably*"" ulluWd With ; 
phosphate buffer solution. The experiments were accomplished 
for eight hours in maximum. The concentration of anhydrous 
theophylline was measured spectrophotometrically at a wave- 
length of 270 nm (Hitachi-220, Tokyo, Japan). 

Experiment 3 

The effect of pH of dissolution medium on drug release 

The rate of drug release from matrix tablets was determined 
using phosphate buffers of various pH values as dissolution 
media is shown in Fig. 1. Tablets consisting of 74. 5 % (w/w) 
starch acetate succinate, 25 % (w/w) anhydrous theophylline 
and 0. 5 % (.w/w) r-.agnesiun stearste were prepared^ >acccr»ii*ig -to > 
the method depicted in Example 1. The degrees of substitution 
were 1.34 and 0.25 for acetyl and succinyl groups/ respecti- 
vely. pH values of buffer solutions were 1, 2/4/ 6, 7 and 8. 

The rate of drug release was delayed with decreasing pH value 
of dissolution medium. Both in basic, ie. pH 8, and neutral, 
ie. . pH 7, medium anhydrous theophylline released completely in 
twenty minutes. In slightly acidic solution, ie. pH 6 and 4, 
about 90 minutes was required to achieve complete drug re- 
lease. Nevertheless, the rate of drug release was somewhat 
faster at pH 6 than pH 4 indicating pH dependent behaviour of 
starch acetate succinate. Drug release profiles at pH 2 and pH 
1 were distinctly different compare to profiles obtained in 
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basic, neutral or slightly acidic media. After eight hours of 
experiment about 99 % and 83 % of drug content of tablets was 
released at pH 2 and pH 1, respectively. 

The behaviour of starch acetate succinate was definitely pH de- 
pendent, which was an advantageous property in the field of 
controlled drug delivery. 

Experiment 4 

The effect of degrees of substitution of starch acetate succi- 

liate- 6ii dziiQ release- 

Drug release from tablets, containing differently substituted 
starch acetate succinate as a matrix forming substance, was ex- 
amined using the previously described method (Experiment 2) 
Anhydrous theophylline content in each tablet was 25% (w/w) 
The degrees of substitution of starch acetate succinate po- 
lymer are shown in Table 18. Dissolution studies were perfor- 
med in basic, ie. pH 8, and in acidic, ie. pH 1, phosphate 
buffer solutions. 



As the starch molecule was highly substituted with acetyl 
groups, ie. DS was above two, the release rate of active sub- 
stance^ was-s 3:ow»/ ■ parti cul axly* i n -aci di f c' environment- , 2) 

Drug release was slow also in basic solution as starch acetate 
succinate No. 1 was used to form matrix. Delayed release was 
probably due to the fairly small amount of succinyl groups 
whrch was not sufficient enough to ensure rapid drug release 
in basic medium, in the case of starch acetate succinate No 
2, the succinyl content of polymer was distinctly higher when 
compared to polymer No. 1. Thus, the rate of drug release at 
pH 8 accelerated (Pig. 2). 

Table 18. 

The degrees of substitution (DS) of acetyl and succinyl groups 
or different starch acetate succinate 
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Starch acetate succinate Acetate DS Succinate DS 



No. 2 (Example 1) 2.38 0.03 

No. 3 (Example 1) 2.29 0.37 

No. 6 (Example 2) 1.34 0.25 

No. 8 (Example 2) 0. 39 1. 12 



As the degree of substitution for acetyl groups was below 2.0 
and the corresponding value on behalf of succinyl groups was 
underneath 1.0 (polymer No. 3) release of active substance was 
fast in basic solution (Fig. 2). However, the release rate was 
relatively slow at pH 1. Polymers, with that kind of pH depen- 
dent behavior, could be beneficial in many applications for 
controlled drug delivery. 

Drug release from tablets composed of polymer No. 4, was very 
rapid in both media (Fig. 2). Acetyl contents of polymer is 
possibly too low to form proper matrix tablets. Besides low 
acetyl contents, the degree of substitution of polymer for 
sj^r : c.i^^^^ jtfhich .^ha^^aji ihf 1 u en e e\ , -<\n - ^ t he- 

release rate of active substance, at least in basic solution.. 

By substituting starch molecule with acetyl and succinyl 
groups, polymer with pH dependent behaviour was achieved. It 
is possible to affect the rate of drug release by varying the 
amounts of acetyl and succinyl groups attached to the starch 
molecule. 

Experiment 5 

The effect of compression force on the rate of drug release 
from the starch acetate succinate tablets 



Three different compression forces, ie. 5 kN, 15 kN and 2 kN, 
were used to prepare tablets composed of 74. 5 % (w/w) starch 
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acetate succinate, 25 % (w/w) anhydrous theophylline and 0. 5 % 
(w/w) magnesium stearate. The degrees of substitution for the 
starch acetate succinate polymer were 1. 34 and 0. 25 for acetyl 
and succinyl groups, respectively. The rate of drug release 
was examined in acidic, ie. pH 1, and in basic, ie. pH8, 
phosphate buffer solution with the procedure as described 
previously (Experiment 2). 

Regardless of pH of dissolution solution, the active substance 
released relatively rapidly from the tablets compressed at the 
lowest 'force; • ie. 5 kfl it-xg. : --^y. -i-he "complete ' drug' release ''was 
attained in five minutes as basic buffer solution was used. In 
acidic medium, the entire anhydrous theophylline content re- 
leased in thirty minutes. The tablets formed at lower compres- 
sion forces, might have fairly porous structure, which enables 
the easy and rapid penetration of dissolution solution' into 
the tablet. Thus, the dispersed drug substance dissolved and 
were released faster than the dispersed drug content of very 
dense matrix- tablet. As the compression force of tablets was 
adjusted to 15 kN or 25 kN, the rate of drug release was 
decreased remarkably in the acidic (pH 1) medium. The last 
sample was taken after eight hours and until that time appro- 
ximately 83 % of anhydrous theophylline released from the 
tablets-- compressed- at - force of "15 klJ. - The- " ccrrespon&i rig %a'lue 
of tablets prepared using compression force of 25 kN was 78 %. 
In basic solution the rate of release of active substance was 
rapid in spite of higher compression force. 

It was possible to control drug release from starch acetate 
succinate polymer tablet with the magnitude of compression 
force in tabletting. 

Experiment 6 

The effect of drug concentration on the rate of drug release 

The rate of drug release of starch acetate matrix tablets con- 
taining active substance, ie. anhydrous theophylline, either 
5% (w/w) or 25% (w/w) was examined using the previously de- 



WO 97/02018 



35 



PCT/FI96/00233 



scribed method (Experiment 2. ). The experiments were performed 
both in acidic, ie. pH 1, and in basic, pH 8, medium. The 
degrees of substitution of polymer were 1.34 for acetyl groups 
and 0. 25 for succinyl groups. The compression force used to 
form matrix tablets was adjusted approximately to 15 kN, 

In the basic medium, ie. phosphate buffer of pH 8, the rate of 
drug release was fast for both formulations (Fig. 4). About 
twenty minutes were required for the complete drug release. As 
the experiment was performed in acidic solution, tablets con- 

.ta^j;^ ^5 cf,acti"5 suist^ncs, the «-rate of drug release 

was somewhat faster compared to the tablets with greater 
drug amount. 

The drug delivery from starch acetate succinate matrices was 
pH dependent despite the amount of active substance. 

Experiment 7 

Drug release from tablets containing equal amounts of sepa- 
rate starch acetate and starch succinate polymers 

A physical mixture containing 50% (w/w) of starch acetate (DS 
2.76) and_50% (w/w) of starch succinate (DS 1. 7) was prepared. 
.The polymer tablet mat-rice* .compressed, at' s; J .^-f orceu-*were; 

composed of 74.5 % (w/w) polymer mixture, 25 % (w/w) anhydrous 
theophylline and 0.5 % (w/w) magnesium stearate. The disso- 
lution testings were accomplished using acidic (pH 1) and 
basic (pK 8) phosphate buffer solutions. 

The release profiles of active substance, over time, from 
matrices containing starch acetate succinate polymer either in 
the form of chemical compound or physical mixture are shown 
in Figure 5. The degrees of substitution of starch acetate 
succinate, having the acetyl and the succinyl residues att- 
ached to the same starch molecule backbone, were 2. 29 and 0. 37 
for the acetyl and the succinyl groups, respectively. Regard- 
less of the form of polymer content in tablet, anhydrous theo- 
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phylldne release rate was more rapid in basic than in acidic 
environment (Pig. 5,. The amount of succinyl residues was mark- 
edly greater in the tablets of physical mixture, which might 
be the reason for the faster release rate. 

Starch acetate succinate content in tablet enabled pH depen- 
dent release of active substance. By mixing separate starch 
acetate and separate starch succinate and using the prepared 
Physical mixture to form matrix tablets, it was also possible 
to attaxn the same type of P H dependent controlled drug re- 

Experiment 8 

The effect of degrees of substitution of starch acetate succi- 
nate polymer on breaking strength of tablets 

A series of starch acetate succinate, with different degrees 

line fL " 0l " mer ' tabletS C ° mPOSed ° f an ^ drOUS 

/ J and magnesium stearate (0.5 % w/w). To measure 

the breaking strength of tablets, a CT-5-testPr- rp • 
Systems, Nottingham, England) was used 'peering 

' Hi stre!^ ' r 7 i& ^ *^ ^ { ™&™^ f or ' the Mechani- 
cal strength of starch acetate succinate tablets (Fig. 6) As 
the degree of substitution of acetyl groups was above one, 'the 
breaking strength was relatively high, indicating good mecha- 
nical strength, which was the most important property of phar- 

: 1 r iets - The c ~>-^ <* •*«* p .«l:. 

--te powder seemed to decline with increasing succinyl con- 
tents (Fig. 6) . The measuring Qf break . ng 

oppressed from starch acetate succinate No . 4 , was not po 1 
sible because tablets were too weak to handle. 

Table 19. 

stc^lr ^ «*> ot stare* acetate 
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Starch acetate succinate Acetate DS Succinate DS 



0. 03 
0. 25 

0. 57 

1. 12 



Acetyl and succinyl groups, attached to the starch molecule, 
and. amount of those groups, ie. degree of substitution, have 
influence on the compactibility of starch acetate succinate 
powder and thus, on the mechanical strength of starch acetate 
succinate tablets. 

Experiment 9 

The effect of compression force on breaking strength of tab- 
lets 

Three different compression forces were used^ to prepare tab- 
lets of starch acetate succinate, having the degrees of sub- 
stitution .1, 34; tor acetyl grotros and Q. 25 for succinyl. groupsv 
The average breaking strength of five tablets compressed - ' at 
the lowest force, ie. 5 kN, . was about 83 N (Fig. 7), indica- 
ting reasonable compactibility of., polymer. This means that 
the starch acetate succinate has the ability of powder to form 
dense, though tablets. The breaking strength of starch acetate 
succinate tablets increases with rising compression force. 
The breaking strength values for tablets compressed at 15 kN 
and 25 kN are about 135 N and 153 N, respectively. 

Experiment 10 

The effect of pH of disintegration medium and compression 
force on the disintegration time of starch acetate tablets 

The disintegration time of tablets, containing 74. 5 % (w/w) 



No. 1 

No. 2 

No. 3 

No. 4 



2. 38 
1. 34 
1. 09 
0. 39 
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starch acetate succinate (degrees of substitution were ! 34 
ana *„ for acetyl groups and succinyl g roup8 , respectively, 

Huron Ph " aPP " atUS '» -I 

European Pharmacopoeia ,P h . Eur . , v . 5 . , . 

compressed at three different compression force, ie 5 « H 
hK and „ M . ,,, hyarocMorio acia _ usefl m «■ = 

tion -!»■ originally. After operating the , » 
hours tne acid was replaced by phosphate buffer solution and a 
disc was added to each tube. P „ values were 0 and 6 8 for 
hydrochloric acid and phosphate buffer, respectively 



pression " e " th * *— •* ex- 

pression force, ie. 5 M , disintegrated already in the acidic 

medium. T he average disintegration time of three taolets „ 

used tablets did not disintegrate completely in acidic 
solut.cn. even though disruption of tablets in M e«ent 

"'and' b Fi T ' — i- ~e buf 
force are shoi " 9 " rength °* 

force disinT' !• ^ ^ compression 

i T lJl 9 ° f tatlet6 »" ^"ively rapid at pH 

which is close to P H of neutral environment (rig 7) 
However, the average disintegration time, ie. . ,„ ee0 * £ 
three . tablets . proved ^r-^ ■ hi , hfa £ 
Obv ous y longer than the corresponding value, ie. u e 
of tablets compressed at 15 kN force. • 

to oth h::: pr :;;r n force and pH seemed 

Experiment 11 

Microstructure of tablets of starch acetate succinate . 

The upper surfaces of tablets containing starch acetate suc- 
rnate with different degrees of substitution, theophylline 
snd magnesium stearate were photographed using an electron 
scanning microscope <3eol 3SH 35, Tokyo. Japan) ? tr °" 
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The microstructure of tablets changed clearly with varying 
degrees of substitution of starch acetate succinate (Fig. 8 
a-d). Dense, more matrix like structure could be obtained by 
using polymer with higher acetyl content, ie. a degree of 
substitution above two. As the succinyl residue of starch 
acetate succinate increased and the amount of acetyl groups 
was low (Fig. 8 a-d), tablets seemed to have more porous struc- 
ture and thus, poor mechanical strength (Experiment 9). 
Besides the degrees of substitution of starch acetate succi- 
nate, _the compression, force also ...had srl sff-ot or? the , wir- re- 
structure of tablets (Fig. 9. a-c). Three different compression 
forces, ie. 5 kN, 15 kN and 25 kN, were used to prepare starch 
acetate succinate tablets. These tablets contained polymer, 
which degrees of substitution were 1.34 and 0.25 for the ace- 
tyl and the succinyl groups, respectively. As well as polymer 
content, there were also anhydrous theophylline and magnesium 
.stearate contents in each tablet. 

In Figures 9 a-c, upper surfaces of starch acetate succinate 
tablets compressed at varying compression forces are shown. 
As the compression force increased, the structure of tablets 
became more matrix-like enabling the delayed release of ac- 
tive substance at convenient conditions. „ 
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CLAIMS: 



1. A composition for p H dependent controlled release of an 
active ingredient comprising of a compatible mixture of an 
actave ingredient and starch molecules substituted with ace- 
tate and dicarboxylate residues. 

^ The composition of claim „ herein the aicarbosyiat. 

res.au. is selectea iron, . group consisting of oxalate, Mo _ 
nate, ~ - - * ■ - ' " 

late, 

and mixtures thereof 



nate, succinate, glutarate, aaipate, pi Mlate , suberate- 

1..., _ .«»««., maleate,- ; «x 5 , s . hrtret,, citrate 



rasiaue 6 r POSiUOn °* *' """^ th * "carbonate 

residue is succinate. 

4. ». co-position of claim ,, „ he rein the starch molecules 
have an average substitution aegree of at least 1 for the 
acetate residue. IM rne 

5- The composition of claim 1 wherein 

h mi, wnerem the starch molecules 

acetate resiauT ^ * " 5 '« the 

^ The composition of claim 1, vherein the starch Molecules 
have an average substitution aegree of at least 2 for th 
acetate residue. 

T. The composition of claim ,, „ herein the starch ^ 

have an average substitution aegree between about 1.00 - 2 . 95 
for the acetate residue. 

^ The composition of claim ,. „ herein the starch 

have an average substitution degree of o. 05 - !. 5 for the 
aicarboxylate resiaue. 

». The composition of claim ,, wherein the starch molecules 
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have an average substitution degree of 0.1 -1.2 for the di- 
carboxylate residue. 

.10. The composition of claim 1, wherein the starch molecules 
have an average substitution degree of 0. 2 -1.0 for the di- 
carboxylate residue. 

11. The composition of claim 1, wherein the starch molecules 
have the acetate and dicarboxylate residues attached to the 
same starch molecule backbone. 

12. The composition of claim 1, wherein the starch molecules 
have the acetate and dicarboxylate residues on separate starch 
molecule backbones. 

13. The composition of claim 1, wherein the release of the 
active ingredient is retarded in an acidic solution. 

14. The composition of claim 1, wherein the release of the 
active ingredient is enhanced in an essentially neutral pH or 
basic pH. 

15. A method for preparing the composition of claim 1 com- 
prising the steps of: ' ' '" 

a) preparing starch acetate molecules; 

b) substituting part of the acetate residues in the starch 
acetate molecules obtained in step a) with dicarboxylate re- 
sidues using transesterif ication methods to obtain starch 
acetate dicarboxylate molecules; 

c) mixing the starch acetate dicarboxylate molecules obtained 
in step b) with an active ingredient; 

d) compressing said mixture obtained in step c) to provide a 
compact for controlled release of the active ingredient. 
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16. The method of claim is, wherein the dicarboxylate resi- 
dues are selected from a group consisting of oxalate, mag- 
nate, succinate, glutarate, adipate, pimelate, suberate, azea- 
late, sebacate, maleate, fumarate malate, tartrate, citrate or 
mixture thereof. 

17. The method of claim 15 , wherein the dicarboxylate residue 
is succinate. 

18. A ^thod for preparing the composition of claim 1 com- 

p.fioing the steps uf: ' *• •/'•••. . • i. ••- s , 

a) preparing starch dicarboxylate molecules; 

b) substituting part of the dicarboxylate residues of the 
starch dicarboxylate molecules obtained in step a) with ace- 
tate residues using transesterifi cation methods to obtain 
starch acetate dicarboxylate molecules; 

e) mixing the starch acetate dicarboxylate obtained in step b) 
with an active ingredient; 

d) compressing said mixture obtained in step c) to provide a 

compact for controlled release of the active ingredient. 

19. The method of claim 18 wherein the dicarboxylate residues 

s a uccin? Cte ? fr ° m 8 ^ COnSiStin ^ of °^ate, malonate, 
succinate, glutarate, adipate, pimelate, suberate, a.ealate 
seb acat e maleate, fumarate, malate, tartrate, citrate and 
mixture thereof. 

ii'^xv:: 0 r parin9 the coBpositi ° n ° f — > ~ 



a) by allovino. starch to react with a n, ijIt ura of reacti 



ve 
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acetyl and dicarboxyl groups; 

b) mixing the active ingredient and the product obtained in 
step a) 

c) compressing the product obtained in step b) to obtain a 
compact for control release of the active ingredient, 

22. The method of claim 21, wherein the di carboxylate resi- 
dues are selected from a group consisting of oxalate, malo- 
nate ; ,- 5uccinrii*e. qlutarats, . . adipate. ^irselote,. , s u^sr^e^ azea-. 
late, sebacate, maleate, fumarate, malate, tartrate, citrate 
and mixture thereof. 

23. The method of claim 21, wherein the dicarboxylate residue 
is succinate. 

24. A method for prepa±ing the composition of claim 1 com- 
prising the steps of: 

a) preparing a starch acetate; 

b) preparing a starch dicarboxylate; 

c) mixing the starch acetate obtained in step a), the starch 
dicarboxylate obtained in step b) with an active ingredient; 

d) compressing the mixture obtained in step c) to obtain a 
compact for control release of the active ingredient. 

25. The method of claim 24, wherein the dicarboxylate resi- 
dues are selected from a group consisting of oxalate, malo- 
nate, succinate, glutarate, adipate, pimelate, suberate, azea- 
late, sebacate, maleate, fumarate, malate, tartrate, citrate 
and mixture thereof. 

26. The method of claim 24, wherein the dicarboxylate residue 
is succinate. 
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27. The composition of claim 1, wherein part of the starch 
molecules substituted with acetate and dicarboxylate residues 
can be replaced by native starch or modified starch. 

28. The composition of claim 12 , wherein part of the starch 
molecules substituted with acetate residues can be replaced by 
native starch or modified starch. 



29. 



The use of the composition of claim 1 for the preparation 
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FIG. 8a 
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FIG. 8b 
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FIG. 8c 
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FIG. 8d 
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FIG. 9a 
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FIG. 9b 
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FIG. 9c 
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